This paper investigates tree canopy cover mapping of urban barangays (smallest administrative division in the Philippines) in Cebu City using LiDAR (Light Detection and Ranging). Object-Based Image Analysis (OBIA) was used to extract tree canopy cover. Multi-resolution segmentation and a series of assign-class algorithm in eCognition software was also performed to extract different land features. Contextual features of tree canopies such as height, area, roundness, slope, length-width and elliptic fit were also evaluated. The results showed that at the time the LiDAR data was collected (June 24, 2014), the tree cover was around 25.11% (or 15,674,341.8 m 2 ) of the city's urban barangays (or 62,426,064.6 m 2 ). Among all urban barangays in Cebu City, Barangay Busay had the highest cover (55.79%) while barangay Suba had the lowest (0.8%). The 16 barangays with less than 10% tree cover were generally located in the coastal area, presumably due to accelerated urbanization. Thirty-one barangays have tree cover ranging from 10.59-27.3%. Only 3 barangays (i.e., Lahug, Talamban, and Busay) have tree cover greater than 30%. The overall accuracy of the analysis was 96.6% with the Kappa Index of Agreement or KIA of 0.9. From the study, a grouping can be made of the city's urban barangays with regards to tree cover. The grouping will be useful to urban planners not only in allocating budget to the tree planting program of the city but also in planning and creation of urban parks and playgrounds.
INTRODUCTION
Trees are important assets providing environmental, aesthetic, cultural and economic benefits. However, one of the major effects of rapid urban growth is the decline of tree cover due to anthropogenic forces. As tree cover decline in cities, so will the associated ecosystem services and their effects on environmental quality and human health. Tree cover data can provide a baseline for developing management plans, setting tree cover goals, and longitudinal forest monitoring.
Trees, as green infrastructures, provide a wide variety of public benefits, including air and water quality improvement, storm water quantity reductions, carbon storage and pollution reduction in urban settings (McPherson et al., 2013) . These benefits are referred to as ecosystem services. To maximize these benefits, an urban forest inventory is often needed for planning and management purposes.
As the growing share of population now lives in cities and their surroundings, the need to improve the quality of urban environments has become greater. According to the Philippine Statistics Authority (2010), 45.4% Filipinos (41.9M of 92.3M of the total population) live in urban areas. In 2010, 93.5% of Cebu City's total population (866,171) resided in urban barangays. Additionally, the rate of natural disasters (i.e. storms, floods, landslides, and droughts) has steadily increased which reminds us that resilience to disasters is of critical importance and that trees play an important role in protecting city environments (McPherson et al., 2013) .
The fundamental measure of urban forest structure is the canopy cover, the area covered by tree canopies in an urbanized region (Nowak, 1994) . Airborne LiDAR (Light Detection and Ranging), a recent sensor technology in remote sensing have allowed a rapid and efficient tool for mapping, monitoring, and assessment of forest resources (Lim et al., 2003; van Leeuwen and Nieuwenhuis, 2010; Wang et al., 2010) . This technology has become an attractive alternative to field surveys in forest inventory because data can be regularly acquired due to its lower total cost and greater area coverage (Zhang and Qiu, 2012) . Moreover, LiDAR is capable of accurate vertical information, including the ability to penetrate the vertical profile of a forest canopy and quantify its structure (Vaze and Teng, 2007; Wang et al. 2010; Ke and Quackenbush, 2011; NOAA, 2012) . The use of airborne LiDAR in emerging economies such as the Philippines comes at a time when our country is fast-tracking its resource mapping capability for landuse planning. This technology could substantially help in conservation management, vegetation inventory and assessment of natural resources, among others.
Among the many cities in the Philippines, the urbanization of Cebu City is fast accelerating leading to the increasing use of its land for housing, commercial, industrial, institutional, and other related structures. Most of the natural forests (9.6%) of the city are found only in the rural areas / barangays (Cebu City LGU, 2011). There are, however, patches of vegetation in downtown Cebu City intersperse among buildings, streets, residential areas in a mixed urban development setting. Thus, there is a need to assess whatever remaining age-old trees thriving in downtown Cebu City. With the acquisition of LiDAR equipment and data by the Philippine government, the quantification of tree cover becomes feasible. In this paper, we use LiDAR data acquired by a one-band LiDAR system to map the vegetation cover (i.e., trees) within Cebu City. It should be noted that the current LiDAR data is insufficient for tree species identification, especially in urban forests with diverse species and high spatial heterogeneity.
MATERIALS AND METHODS

Description of the Study Area
Cebu City is located on the central eastern part of Cebu Province, an island in Visayas, Central Philippines. 
Acquisition of LiDAR Data
LiDAR data for Cebu City were obtained last June 24, 2014. LiDAR point cloud LAS file was from Phil-LiDAR 2 Program "Nationwide Detailed Resources Assessment Using LiDAR." It is a national program funded by the Department of Science and Technology (DOST), Republic of the Philippines. The LiDAR technology has a pulse density of 2 pulses/m 2 , with vertical accuracy of less than 10cm and a horizontal resolution of 2 per sq. meter (Table 1) . 
Pre-processing of LiDAR Data
Pre-processing of LiDAR data was carried out using LAStools. Pre-processing of LAS data include tile buffering, bare earth points extraction (classifying ground points and non-ground points) and classification of non-ground points into different classes. Further, buffer points were removed prior to generating LiDAR derivatives. LiDAR derivatives that were used in the processing include canopy height model (CHM), normalized digital surface model (nDSM), digital terrain model (DTM), Slope, number of returns (NumRet) and classification layer image from LAStools.
LiDAR derivatives generated from LAStools were loaded to ArcGIS 10.0 and were mosaicked into a new raster images. The mosaic raster images were loaded as input layer images in eCognition (ver. 9.0.1) software for image segmentation and classification.
Image Segmentation and Classification
Multi-threshold segmentation algorithm was applied to the DSM layer to distinguish "Land" class from "Water" class. The threshold value used was the estimated sea level which was evaluated through visual inspection. In this study, the threshold value used was 64. Refinement of water and land classes was carried out using "Relative Border" algorithm to classify the unclassified points embedded in each class. Further, each class was merged together using "Merged Region" algorithm. Each was assigned with its corresponding class color.
Multi-threshold segmentation was applied to "Land" class to extract "Bare Land" areas. These include barren lands and agricultural fields. Areas with NDSM lesser than 0.3 m were classified as "Bare Land." The remaining points in "Land" class were segmented using multi-resolution segmentation algorithm with a scale parameter of 20 and a shape and compactness of 0.3 in preparation for the extraction of "Built-up" features. Built-ups include houses, buildings and bridges among others. This was done using a threshold value of 200 in the classification layer's green channel. The classification layer is a derivative based on the point classification of the LiDAR point cloud data.
The remaining points in "Land" class were further segmented using multi-resolution segmentation using a scale parameter of 30 with shape and compactness equal to 0.1 and 0.2 respectively. Finer segmentation was made to extract thin features like building edges and power lines. Points with length/width ≥ 4 and with 8 < mean CHM < 30 was considered as power lines. After all the classes were classified, it was assumed that the remaining points are vegetation which
The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLI-B8, 2016 XXIII ISPRS Congress, 12-19 July 2016, Prague, Czech Republic includes tall grasses, shrubs and trees. These points were segmented using multi-resolution segmentation with scale parameter of 20 and shape and compactness equal to 0.5 and 0.3 respectively. Points with mean CHM < 5 meters were classified as "Non-Tree Vegetation" while points with mean CHM > 40 meters will be assigned as "Others". "Tree" class was refined by eliminating obvious misclassified features using manual classification.
Figure 2. Workflow performed in eCognition software for tree extraction in Cebu City
The features used in post-processing were the "Relative Border" algorithm, mean slope, mean elliptic fit and minimum area of the CHM. Tree class with an area < 10 pixels was assigned as "Others". Misclassified objects were corrected using manual classification. The detailed workflow for tree canopy cover extraction is presented in Figure 2 .
Accuracy Assessment
After processing using the algorithm, the accuracies of the extracted tree canopies were evaluated. Validation points were classified into different classes which include Bare Land, Builtups, and Trees. Some of the validation points were taken from the field by taking a GPS coordinates on the actual features. After the initial classification, the first two classes were merged into one: the non-tree class. After creation of the validation points, the georeferenced tree masks were loaded into eCognition. Multi-resolution segmentation was subsequently applied to group the pixels into objects. Test and Training Area (TTA) masks were created. Accuracy assessment was done and the confusion matrix was recorded to show the performance of the workflow. For map refinement process, ArcGIS 10.2.2 and eCognition 9 was used.
Map Refinement
Areas classified as trees were exported as object shapefiles and was loaded to ArcGIS 10.2.2 software for editing and refinement. Additional information was added to the object shapefiles such as shape length and shape area. Final refinement of the object shapefiles was carried out by removing objects with an area lesser than 4m 2 . Calculation of tree canopy area was carried out using the Calculate Geometry Tool of ArcGIS. Percentage canopy cover per barangay was computed to determine the percent tree cover remaining in relation to the total area of the barangay. In addition, majority of the land use of barangay Busay is agricultural area. The 16 barangays with less than 10% tree cover were generally located in the coastal area, presumably due to accelerated urbanization; [3] Thirty-one (31) barangays have tree cover ranging from 10.59-27.34%; [4] Only 3 barangays (i.e., Lahug {31.3%}, Talamban {37.9%}, and Busay {55.8}) have tree cover greater than 30%. Barangays Lahug, Talamban, and Busay are located in residential and commercial zones, an area that represents approximately 26% of the total land area in Cebu City.
RESULTS AND DISCUSSION
Tree canopy cover extraction
Accuracy Assessment
The overall accuracy of the analysis was 96.60% with the Kappa Index of Agreement or KIA of 0.92 (Table 2 ). In addition to the existing tree cover, land cover analysis estimated how much existing built-up (houses and buildings), land (open spaces), and existing (unclassified) could possibly be replaced with tree cover. Possible tree cover may also be under-valued slightly for areas where trees can overhang roads and buildings. This make up for some of the realistic errors. From the obtained percentage tree canopy cover, we can suggest a cost effective way to identify areas where increase in urban tree cover could be viable. This can also be used in reaching out property owners and in educating the community on tree planting programs to increase and improve the tree cover within Cebu City.
With impending road works and constructions, the remaining trees in these urban barangays are in danger of disappearing. Policy makers must take into account the vital role of trees and vegetation to the well-being of growing urbanized societies. The precise knowledge of vegetation cover in Cebu City and other key Philippine cities not only serves as a primary source for interpreting complex urban characteristics, but also provides decision makers with more realistic and multidimensional scenarios for urban forest management and development leading to a sustainable urban ecosystem in the midst of a changing climate.
CONCLUSION
This paper shows the potential of Airborne LiDAR (Light Detection and Ranging) technology in the assessment and mapping of tree canopy cover in an urban area. The results is useful not only to urban planners but also to the other stakeholders involved in green infrastructure development as a starting point for more detailed environmental studies, comprehensive planning, GIS analyses and targeted urban forestry implementation programs. The information will serve as the benchmark from which to measure the success of planning and urban forestry programs and to educate the public about the many benefits of trees. 
